Recent development of SPICE, FEM and 
Introduction
Methods of modeling of the magnetic hysteresis loop are developed for over one hundred years [1] . However, process of magnetization of magnetic material is one of the most sophisticated problems connected with contemporary physics. As a result, in spite of many different approaches [2, 3, 4, 5] and the use of the most advanced numerical methods [6, 7] , problem of quantitative modeling of magnetic hysteresis loop remains unsolved.
On the other hand, technical simulations oriented on simulation programs with integrated circuits emphasis (SPICE) [8] , finite element method (FEM) [9] or method of the moments (MoM) [10] don't require sophisticated analyses of the shape of the hysteresis loops. To be useful for technological simulations, the model of the magnetic hysteresis loop should provide fast and reliable reproduction of the shape of B-H magnetization curve.
Such models were proposed and implemented for calculations in electrical engineering since early thirties of 20 th century [10] . However, in spite of wide use for numerical simulations, quantitative analysis of quality of the most popular models seems to be still not presented from the point of view of modeling the properties of modern magnetic materials.
This paper is an approach to fill this gap. Four the most popular models of B-H saturation curve were analyzed from the point of view of quality of the modeling of modern magnetic materials: constructional corrosion resistant steel, soft ferrite, amorphous and nanocrystalline alloy. As a result, the quality of the modeling together with its efficiency was assessed by quantitative parameters.
Technical B-H Saturation Magnetization Curve Models
During the investigation four of the most popular models of B-H magnetization curve were tested. modeling of any material. In such a case parameter a doesn't describe domain wall density [12] .
Model 3: Model based on the shape of arctangent function described by amplitude permeability µ a and parameter k. Model is given by the following equation [13] :
It should be stressed that this model hasn't physical interpretation, however can quite well reproduce the shape of saturation B-H curve and has continuous derivative.
Model 4: exponential function based model [14] using saturation flux density B s and amplitude permeability µ a given by the following equation:
Model hasn't physical interpretation, it just reproduces the shape and has continuous derivative. Moreover, typographical mistake in stating equation occurred in [14] .
Materials for Validation of the Models
Validation of the four models was performed for the four modern magnetic materials commonly used in the industry:
Material 1: corrosion resistant martensitic steel 3H13 (X30Cr13). Such steel is used for critical components in the energetic industry. 
Validation Procedure
Procedure of validation of the models consists of several steps, covering both experimental measurements as well as mathematical modeling:
Step 1. Experimental measurements of magnetic hysteresis loops for all four materials were carried out. For measurements the digitally controlled hysteresisgraph was used. Measurements were performed on ring-shaped samples, which were wound by magnetizing and sensing winding. Measurement uncertainty of measurements using this system was assessed as 5%.
Step 2. Parameters of the models were determined in optimization process. Target function F for optimization was determined as the sum of squares of the differences between the results of modeling B model and experimental data B meas , given by the following equation:
The minimization of the target function F, was carried out by the simplex search method [15] .
Step 3. Parameters determining the quality of the models were calculated for different soft magnetic materials. During the assessment following parameters were calculated: MATLAB. To enable verification of the validation process, scripts used in presented research are available at: http://zsisp.mchtr.pw.edu.pl/BHmodels
Results
The results of the determination of model's parameters using the minimization of the target function F are presented in the Table 1 . It should be indicated, that parameters, which are physically justified (such as amplitude permeability µ a or saturation flux density B s ) are coherent for different models. Results of the fitting of different models for tested materials may be also seen in the Figures 1-4 .
Parameters determining the quality of the models for different magnetic materials are presented in the Table 2 . It can be seen, that the quality of the model is mainly determined by the wideness of the hysteresis loops, whereas influence of the shape of It can be seen in Table 3 , that all four models are very effective in calculation of large numbers of points of BH curve. Moreover, both linear model (model 1) and atan-based model (model 3) gives similar time for calculation.
Conclusions
Presented results indicate, that all four models of B-H saturation magnetization curves enables fast and reliable modeling. However, arctangent function based model (model 2) achieved similar efficiency of calculation as a linear model, which makes it especially suitable for technical simulations oriented on simulation programs with integrated circuits emphasis, finite element method or method of the moments.
Accuracy of the results of the modeling by all four models is similar and is determined mainly by the lack of the representation of magnetic hysteresis loop in B-H saturation magnetization curve. However, very good results were obtained for linear model, which makes it very useful, due to its simplicity and efficiency of calculations. 
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